DYNAMIC ROUTING CONTROI. SYSTEM AND MBTHOD 
FOR RADIO ACCESS NETWORK 



BACKgROqWP OF THB IWYEWTIOWi 

Tills lnvent:lon relates to a routdLng control system for 
use In a radio access network and. In particular, to a routing 
control system of a dynanlo routing type- 

A radio access network system Is used to connect computers 
wltli one anotber and to transmit packets among tbe computers. 
The computers are, for example, personal computers zuad/or 
workstations. The radio access network sys-tem oos^rlses a 
plurality of base stations each of that Is conneotable to one 
of the computers by radio. The base stations adopt a 
point-to-point protocol to communicate with the computers 
respectively. Each of the computers can transmit a packet to 
any one of the other computers through the radio access network 
system . 

A conventional base station used In the radio access 
network system Includes a router adopting a routing Information 
protocol (RIP) or an open Shortest path first (OSPy) method to 
control dynamic routing. 

The RIP gives the radio access network a shortest path 
from a source base station to a destination base station. 
Furthermore, the RIP periodically makes the router exchange 
routing control information with adjacent routers to update a 
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touring table memorized In the rotiter, tliereby the RIP can deals 
with a fault (suoh as a cutting) of a IdLnk between the base 
stations and with addition (or attachment} o£ an additional base 
station to the radio access network. 

However, the RIP has a problem that a hop number is limited 
to a predetermined number. That is, the RIP can not route a 
packet when the number of the base stations on the shortest path 
between the source and the destination base stations is not 
smaller than the predetermined number. 

The OSPF method is suitable for a large-scale network 
larger than a network such that the RIP is adopted because it 
does not have the above mentioned limitation of the hop number. 
In addition, the OSPF method decides a shorter route between 
the source and the destination base stations after 
consideration of traffic congestion of the network. 

However, the OSPF method is an exaggerated method for the 
radio access network system such that the base stations are 
connected to the computers arespectively by using the point- 
to-point protocol - 

Additionally, both of the RIP and the OSPF method have 
a common problem that static routing control is necessary to 
avoid a state that the packet circulates in a loop included in 
the radio access network. That is, a network manager of the 
radio access network must pay attention to loops of the base 
stations. The problem mars degree of freedom regarding 
attaching/removing base station to/from the radio access 
network. 
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STTMMARY OP THE INVENTION : 

It is therefore an ob^eat of this Invention to provide 
a dynamio routing system capable of routing without limitation 
o£ a b.op number. 

It is another object of this invention to provide a 
dynamic routing system having a scale suitable for a radio 
access network. 

It is still object of this invention to provide a dynamic 
xouting system capable of avoiding a state that a packet 
circulates in a loop included in a radio access network without 
static routing control by human hands. 

Othex' object of this Invention will become clear as the 
description proceeds. 

According to a first aspect of this invention, a routing 
control system is for use in a network having a plurality of 
nodes . The nodes include a single master node and at least one 
slave node. The routing control system comprises a spanning 
tree producing portion provided in the mastex node. The 
spanning tree producing portion produces a spanning tree of the 
network on the basis of connection Infonaatlon of the network 
to deliver the spanning tree to each slave node whenever the 
connection information is received. X memorizing portion is 
provided in each of the nodes and memorizes the spanning tree 
delivered from the spanning tree producing portion as a routing 
table . A health check portion is provided In each of the nodes 
and sends the connection information to the spanning tree 
producing portion when topology change of the network is 
detected. 
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In the routing control system, the nodes may be base 
stations each of which is oonneotable to a single computer by 
radio. 

In the routing control system, the network can be 
represented by a simple and undirected graph of a graph theory. 

In the routing control system, the spanning tree 
producing portion uses the Dijkstra algorithm to make the 
spanning tree. 

In the routing control system, the routing table includes 
a node number column £or the nodes, a port number column for 
respective nodes, an IP address column for adjacent nodes, an 
IP address column for respective nodes, a cost column and a 
connection/ disconnection information column. 

In the routing control system, the health check portion 
detects fault between the node thereof and an adjacent node 
directly connected to the node thereof with referring to the 
routing table memorized in the memorizing portion of the node 
thereof to detect the topology change of the network. 

In the routing control system, the health check portion 
detects that an additional node is directly connected to the 
node thereof with referring to the routing table memorized in 
the memorizing portion of the node concerned to detect the 
topology change of the network. 

In the routing control system, the health check portion 
compares the routing table of the node thereof with that of an 
adjacent node directly connected to the node thereof to put the 
routing table into a newer state. 
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According to a second aspect of this invention, a routing 
contz-ollex' is for use in a node of a network. The routing 
controller comprises a spanning tree producing portion which 
produces a spanning tree of the network on the basis of 
ooimeotion information of the network to deliver the spanning 
tree to eacTh node of the network whenever the connection 
inf onaatlon is received. A nemorizlng portion is connected to 
the spanning tree producing portion and memorizes the spanning 
tree as a routing table. A health check portion is connected 
to the spanning tree producing portion which supplies the 
connection information of the network when topology change of 
the network Is detected. 

In the routing controller, the node is a base station 
oonneotable to a single computer by radio. 

In the routing controller, the network can be represented 
by a simple and undirected graph of a graph theory. 

In the routing controller, the spanning tree producing 
portion uses the Dijkstra algorithm to make the spanning tree. 

According to a third aspect of this invention, a method 
of controlling a routing table is used in a network having a 
plurality of nodes. The nodes includes a single master node 
and at least one slave node. The method comprises the steps 
of produoing, at the master node, a spanning tree of the network 
on the basis of connection inf oimation of the network to deliver 
the spanning tree to each slave node whenever the connection 
Information is received, memorizing, at each of the nodes, the 
spanning tr^e delivered from the spanning tree producing 
portion as a routing table, and sending, from a health check 
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portion of any one of nodes, the connection Information to the 
spanning tree producing portion when topology change of the 
network is detected. 

The method may further comprise the step of comparing, 
by the health check portion in each node, the routing table of 
the node concerned with that of an adjacent node directly 
connected to the node concerned to put the routing table into 
a newer state. 

BRIEF DSSCRIPTION OF THK DRAWING i 

Fig. 1 shows a schematic topology of a radio access 
network applied with a dynamic routing control system according 
to a preferred embodiment of this invention; 

Fig. 2 is a table of XP address assigned to radio base 
stations of the radio access network of Fig. 1; 

Fig. 3A is a block diagram of a master base station of 
the radio access network of Fig, 1; 

Fig. 3B is a block diagram of a slave base stat±on of the 
radio access network of Fig. 1; 

Fig. 4 shows a spanning tree corresponding to the radio 
access network of Fig. 1; 

Fig. 5 is a routing table on the basis of the spanning 
tree of Fig, 4; 

Fig. 6 shows a schematic topology of the radio access 
network of Fig. 1 when fault occurred between fifth and eighth 
base stations 5 and 8; 

Fig. 7 shows flows Of connection information transmitted 
from slave base stations to a master base station; 
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Fig. 8 shows a spanning tree corresponding to the rad±o 
access network of Fig. 6; 

Fig. 9 is a routing table on the basis of the spanning 
tree of Fig. 8; 

Fig. 10 shows a schematic topology o£ the radio access 
network of Fig. 1 when another base station Is connected to a 
seventh base station 7; 

Fig. 11 shows a spanning tree corresponding to the radio 
access network of Fig. 10; and 

Fig. 12 Is a routing table on the basis of the spanning 
tree of Fig. 11. 

PESCRIPTIOK OF THE PREFERRED EMB ODTMEKT; 

Referring to Figs. 1 through 15, description will be made 
a dTnaxoio routing control system according to a preferred 
embodiment of this Invention. 

Fig. 1 shows a schematic topology of a radio access 
network applied with the dynamic renting control system. 

Xn Fig. 1, the radio access network comprises first 
through eighth radio base stations 1-8 connected to one cuiother 
so as to form a simple and undirected graph of a graph theory. 
The first through the fourth base stations 1-4 are connected 
in a line while the fifth through the eighth base stations 5-8 
are connected in a loop. Furthermore, the second base station 
2 is connected to the fifth base station 5. The radio base 
station 1-8 are assigned with IP addresses as illustrated in 
Fig. 2. 



The xadio base st:atlons 1-8 aare coxmectable comput:exs 
11-18 lespeotlvely by radio . The computers 11-18 are connected 
to the radi-o base stations 1-8 by using a point-to-point 
protocol. Each of the computers 11-18 coBununioates with any 
one of the other con^uters through the radio access network. 

One of the base stations 1«8 serves as a master base 
station and the remaining base stations serve as slave base 
stations. Hereinafter, it assumed that the first base station 
1 is the master base station while the second through the eighth 
base stations are the slave stations. 

As illustrated in Fig. 3A, the master base station 1 
comprises a spanning tree producing portion 31, a spanning tree 
memory 32A and a health check portion 33A. On the other hand, 
as shown In Fig. 3B, each of the slave base stations 2-8 comprises 
a spanning tree memory 32B and a health check portion 33B. The 
spanning tree memory 32B of the slave base station is equal to 
the spanning tree memory 32A of the master base station 1. The 
health check portion 33B of the slave base station Is partly 
different from the health check portion 33A of the master base 
station in operation, ^e slave base station may have the same 
structure as the master base station, if it is possible to change 
between a master base station's operation and a slave base 
station's operation. 

Each of the base stations 1-8 further comprise a radio 
communication portion (not shown), a wired communication 
portion (not shown) and a control portion (not shown) . The 
radio oommunication portion is for communicating with any one 
of the computer 11-18. The wired communication portion Is £or 



9 

connect JLng to the radio access network. Tb.e control portion 
of the master base station 1 controls the spanning tree 
producing portion 31, the spanning tree memory 32A, the health 
check portion 33.A., the radio aonrntunication portion and the wired 
communication potion. The control portion of each slave base 
station controls the spanning tree memory 32B, the health check 
portion 33B, the radio communloation portion and the wired 
communloatlon potion thereof. 

The spanning tree producing portion 31 receives 
connection Information representing the structure of the radio 
access network. In the initial state, the connection 
information may be supplied from the outside. Alternatively, 
the connection Information may be gathered from the slave base 
stations In a manner as described in later. The spaiming tree 
producing portion produces a spanning tree on the basis of the 
connection information. The spanning tree producing portion 
uses a program based on, for example, the Dijkstra algorithm 
to produce the spanning tree. The spanning tree is produced 
so that each of the slave base stations is connected to the master 
base station through the shortest path. The spanning tree Is 
illustrated in Fig. 4. 

In Fig. 4, bold lines show usable paths for transmitting 
a packet while a broken line shows unusable (or waiting) path. 
The unusable path brezJcs the loop formed by the fifth through 
the eighth base stations 5-8 and thereby the packet is prevented 
from circulating in the loop. 

Numerals in circles of Fig. 4 represent port numbers of 
respective base stations 1-8. For example, the second base 
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s-tatlon 2 comprises first to third ports connected to the first . 
the third and the fifth base stations 1,3 and 5, respectively. 

Retxirning to Figs. 3A and 3B. the spanning tree producing 
portion 31 produces a table which represents the spanning tree 
of Fig. 4 and which has version Information. The table is 
Illustrated In Fig. 5. The spanning tree producing portion 31 
delivers the table to the spanning tree nemorles 32A and 32B. 
The spanning tree producing portion 31 roay broadcast the table 
In the radio access network, to deliver the table to the spanning 
tree memories 32A and 32B. Alternatively, the spanning tree 
may supply only the table to the spanning tree memory 32A. In 
this case, the health check portions 33B update respective 
routing tables on the basis of the table memorized in the 
spanning tree memory 32A by a manner as mentioned later. 

The spanning tree memory 32A receives the table supplied 
from the spanning tree producing portion 31 and memorizes it 
as a routing table. Each of the slave base stations 2-8 receives 
the table delivered from the master base station I and memorizes 
It In each spanning tree memory 32B as the routing table, 

Xn Fig. 5, the routing table includes a radio base station 
number column for the serial numbers assigned to the radio base 
stations 1-8 in the radio access network. A port number column 
Is for port numbers of respective radio base stations 1-8. A 
first IP address column is for IP addresses of adjacent base 
stations directly connected to the radio base stations 
corresponding to the radio base station number column . A second 
IP address column is for IP addresses of the radio base stations 
corresponding to the radio base station niunber colximn. A cost 
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column Is for path weight between respective base stations of 
the first IP address column and respective base stations of the 
second IP address colunm. In this embodiment, all of the path 
weight is equal to "1". A connection/disconneotion 
Information column is for flags representing whether respective 
paths are active or not. When the flag is equal to "1", the 
path is active. On the other hand, when the flag is equal to 
"0". the path is cut or in a standby (or disconnection) state. 

Returning again to Figs. 3A and 3B. the health check 
portions 33A and 33B periodically detect topology change of the 
radio access network. That is, each of the health check 
portions 33A and 33B detects change of connection state between 
the base station thereof and the ad:]acent base stations. In 
addition, each of the heeilth check portions 33B updates the 
routing table memorized in each spanning tree memory 32B by 
comparing the routing table with that of the adjacent base 
stations . 

An operation of the dynamic routing control system will 
be made in below. 

It is assumed that the eighth base station 8 wants to 
transmit a packet to the first base station 1. At first, the 
eighth base station 8 produce the packet including a destination 
IP address indicating the first base station 1 . Then the eighth 
base station 8 looks the routing table memorized in the spanning 
tree memory 32B thereof. The routing table of Fig. 5 shows that 
it is not allowed to transmit the packet between the eighth base 
station 8 and the seventh base station 7. Accordingly, the 
eighth base station 8 transmits the packet to the fifth base 
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station 5. 

^en tlie fifth base station 5 receives the packet 
transmitted from the eighth base station 8, It locks the 
destination IP address of the packet. The fifth base station 
5 decides that the packet should be transmitted to the second 
base station 2 on the basis of the destination IP address with 
referring to the routing table thereof. The packet is 
transmitted from the fifth base station 5 to the second base 
station 2. 

The second base station 2 operates like the fifth base 
station 5 and transmits the packet to the first base station 
1. 

Thus, the packet is transmitted from the eighth base 
station 8 to the first base station without falling into the 
loop. This is because the routing table is based on the spanning 
tree produced by the use of the Dijkstra algorithm. 

Each base station can transmit a packet to any one o£ the 
other base stations and the packet does not circulate In the 
loop because each base station memorizes the routing table. 
Besides, the routing table having no loop is easily obt^iined 
by using the Dijkstra algorithm. 

A network manager does not have to pay attention to the 
loop and a bnrden on the network meinager is reduced- In addition , 
the dynamic control system does not limit degree of freedom of 
the radio access network. 

Next, the description is made about the operation of the 
dynamic control system in a case where fault (e.g. cutting) 
occurs between the fifth and the eighth base stations 5 and 8. 
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Fig. 6 shows tlie radlq access network that the liiik Is 
cut between the fifth and the eighth base stations 5 and 8. 

The health check portion periodically exchemges various 
Infozmatlon for other health' check portions of adjacent base 
stations to detect the topology change of the network. For 
example, the health check portion of the base station 5 
periodically communicates with adjacent base stations 2,6 and 
8 to detect cutting of a link between the base station 5 and 
each of the adjacent base station 2, 6 and 8. When the health 
check portion of the base station 5 detects the cutting of the 
link between the base stations 5 and 8. It produces a message 
signal representing the cutting. The health check portion of 
the base station 5 transmits the message signal to the second 
base station 2 with referring to the routing table memorized 
In the spaiuilng tree memory 32B of the base station 5. The 
second base station 2 receives the message signal and transmits 
it to the first base station 1 with referring to the routing 
table memorized in the spanning tree memory 32B thereof. 

Though the health check portion of the eighth base station 
a also detects the cutting of the link between the base stations 
5 and 8, the eighth base station 8 can not transmit a message 
representing the cutting. This Is because the link between the 
eighth and the seventh base stations 8 and 7 is in the standby 
state . 

In the first base station 1 , when the health check portion 
receives the message signal transmitted from the eighth base 
station 8, it broadcasts a revest signal on the radio access 
network in response to the message signal. The request signal 
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requests each slave base station to detect the topology change 
of the radio access network and Includes an ID number. 
Furthermore, the health oheolc portion checks connection state 
between the first base station 1 and the ad:]acent base station 
2. 

In each slave base station, the health check portion 
memorizes a combination of the port number of the port receiving 
the request signal and the ID number Included In the request 
signal wben It receives the reqpiest signal from the first base 
station 1. mie combination is used to not only discard the 
request signal having the same ID number as that of the 
combination but confirm connecting relations between Its 
port(s) and the adjacent base statlon(s). 

Next, the health check portion of each slave base station 
checks the connection state between the base station thereof 
and the adjacent base 3tatlon(s}. The health check portion 
produces the connection Information Including the IP address 
of each adjacent base station, the port number of the port 
connected to each adjacent base station, the cost of the link 
for each adjacent base station, the connection/disconnection 
Information of the link, and the IP address of the base station 
thereof. The connection information is transmitted to the 
first base station 1 with referring to the routing table 
memorized in each spanning tree memory 32B. Fig. 7 shows a flow 
of the connection information transmitted from the slave base 
stations 2-8. 

Though the link between the seventh and the eighth base 
stations 7 and 8 is In tbe standby state, the health check 
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pox'tlons o£ the base stations 7 and 8 check the connection state 
of the Zlnk In cooperation with each othex- The seventh base 
station 7 transmits the connection Information including 
Information of the eighth base station 8 to the first base 
station 1. Fiurtheniiore , the fifth base station 5 transmits the 
connection Information Including information that the link 
between it and the eighth base station 8 Is cut- 
in the first base station X, the spanning tree producing 
portion 31 waits the connection information transmitted from 
the health check portions 33A and 33B. The spanning tee 
producing portion 31 judges that the connection information is 
transmitted from all of the health check portions 33A and 33b 
when a predetermined time is elapsed from when the request 
signal is broadcasted. The spanning tree producing portion 31 
produces a new spanning tree by the Dljkstra algorithm on the 
basis of the ooxmectlon information transmitted from the health 
check portions 33A and 33b. The new speumlng tree is 
illustrated in Fig. 8. 

In Fig. 8, the link between the eighth base station 8 and 
the seventh base station 7 is changed from the standby state 
into an active state. Because the link is out between the eighth 
base station 8 and the fifth base station 5, the radio access 
network has no loop. 

In addition, the spanning tree producing portion 31 
produces a new (or a second version) table representing the new 
spanning tree. The new table is Illustrated in Fig. 9. The 
spanning tree producing portion 31 stores the new spanning tree 
in the spanning tree memory 32A. 
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Each of the health check portions 33A and 33b periodically 
exchanges the version infoxmation of the routing tahle 
memorized in each spanning tree memory for those of the adjacent 
base stations- I£ the health check portion find that the 
adjacent base station has the newer version routing table, it 
updates the routing table memorized in the spanning tree memory 
of the base station thereof. Consequently, all of the spanning 
tree memories 33B axe rewritten one after another, when the 
spanning tree memory 33A is rewritten. 

Thus, the dynamic routing control system can deal with 
the topology change of the radio access network and enables the 
network to route the packet to any one of the base stations 1-8. 
For instance, a packet from the eighth base station 8 to the 
first base station 1 is transmitted through the seventh base 
station 7, the sixth base station 6, the fifth base station 5 
and the second base station 2 in this order, as easily understood 
from Fig. 8, 

If the link is restored between the fifth and the eighth 
base station 5 and 8, each of the fifth and the eighth base 
stations produces a message signal representing the restoration 
to supply it to the first base station 1. 

When the first base station 1 receives the message signals 
sent from the fifth and the eighth base stations 5 and 8, it 
changes the routing table memorized in the spaxming tree memory 
32A in a manner as mentioned above. Consequently, the routing 
table of each base station 1-8 is returned from that of Fig. 
9 to that of Fig. 5. 
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Nex-t, desor-iption ±s raade about a case where anotlier base 
station, is cormeoted or attacked to tlie radio access network. 

In each base station 1-8, if it has sua miused port, the 
health check portion thereof periodically checks whether the 
other base station is connected to the unused port or not. 

Referring to Fig. 10, the other base station 9 is directly 
connected to the seventh base station 7. In the seventh base 
station 7, the health check portion detects that the ninth base 
station 9 is connected to the third port of the seventh base 
station 7. Then the heals check portion of the seventh base 
station 7 produces a message signal representing the addition 
of the ninth base station 9 and transmits the message signal 
to the first base station 1. The message signal transmitted 
from the seventh base station 7 is sent to the fist base station 
1 through the sixth, the fifth and the second base stations 6, 
5 and 2 on the basis of the routing table of Fig, 9. 

When the first base station 1 receives the message signal 
representing the addition of the ninth base station 9, it 
produces a new spanning tree in a manner as xaentioned above. 
The new spanning tree is illustrated in Fig. 11. The spanning 
tree producing portion 31 is further produces a new (or a third 
version) table representing the new spanning tree. The table 
is illustrated in Fig. 12 . The spanning tree producing portion 
31 stores the table into the spanning tree memory 32A of the 
first base station 1 . The health check portions 33B of the slave 
base stations 2-9 update the respective routing tables one after 
another dLn response to change of the routdLng table of the first 
base station 1. 
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As easily understood from Fig. 11, when the ninth base 
station 9 transmits a packet to the first base station 1, the 
packet passes through the seventh, the sixth, the fifth and the 
second base stations 7, 6, 5 and 2. Because the link between 
the seventh and the eighth base stations 7 and 8 Is In the standby 
state, the packet does not circulate In the loop. 

Thus, the dynamic routing control system can deal with 
addition of the other base station and produce a new routing 
table corresponding to the other base station. 

While this Invention has thus far been described in 
conjunction with the preferred embodiment thereof. It will 
readily be possible for those skilled in the art to put this 
invention into practice in various other manners . For example , 
the dynamic routing control system can be applied to a wired 
network. 



